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(54) SEMICONDUCTOR NONVOLATILE MEMORY DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To enable effective writing even if the write 
characteristic is changed to reduce the write time by determining whether 
the threshold value of an electrical programmable nonvolatile memory cell is 
identical to the reference potential or not and then controlling the write 
voltage depending on the result of determination. 

SOLUTION: A high voltage VPP is input to a voltage boosting circuit 104. 
Depending on the data DL which has been initialized in a determination 
circuit 2 and read to a selecting circuit 6. the lowest write voltage WV5 is 
selected from the write voltages WV 1 to 5 and it is then impressed to a 
control gate of memory cell 3 for the purpose of data writing. A 
determination reference voltage VV is applied to the control gate of the 
memory cell 3 and a current across the drain and source is converted to 
the data DL via the current - voltage converting circuit 9 and A/D 
converter 8. When the data DL is read and the threshold value of memory 
cell 3 has not reached the write determination reference voltage VV. the 
higher write voltage WV 1 to 4 is selected and this selection is repeated. 
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tp ^ J£ *5 J: 1 <D - ? £ Ift 1 1 r r ^ IS: £ ffi x. tr. 
&T-Wfti±U\&$iM:lc&\,^x\ "i" u-</K7^7--^^ 

sue j; dote* ^ y *Mzmi'&mz&?*&EE%mm-i' 

fc + 6*Wf****tiiE*R«. 
[Ift*3g2 ] SB IB a ^ hn-/uy- hfB/E S8 

5 #f-J3E(5]B£: , miB#fl£«fl£*«tt»WLr 
*5J:t/»#i&^4aj3tSfll*a'«:ai 

j#1-£&tft[UB£, ME«J6iHiBa»&a;&SJ'i5 7*— * 

aSiR[sIB£j&»fcJ«0 . ffiESU^lelBli, ffflE»#i&*fB 
^/uoJBIBItt, m^m/i^fc'^ hiSr^U 
fititz*--et) M)\s<n vAfifi-T-lcai^-rs h ^^^^^ 
s/^lalBi, fflE^JSfi^aW^-^OJHHtt, 

gtjlB^ ^ y t/uo Ku-r - y-*ffi^m<omffim 
rw^«it* try h»Sr^LrK^5iA/-cy- k^— *fc 

■#-5^ffiSttH]S&i:^b^l9 , WEWeElBtt, *WE*J 
^s^lslBfc, fWIB»fr3i^«**W*-^/K^«SPi8 

it. mm^kz \?y nj^LT^-t y -tr/na f w v 

U^ra-fe ^^v-^lHlKt ^biSW* 3 ?! 1 E«<0* 



(^) 200 0-113690 

[tt*J«4 1 tflifc^ > h a - -yuy— httEfflrttlSIB 

*«aii-i*:5*o-:iii»t , mE*tf*EEfcts*t»w ut 
ffi&*j*i-*>tt«:iniB MBEtJjj&isi»3&»baA*na 

^<y 7r^r-^M?y^7y//)^AA^ii^ U — K 

±XSU&ftVil\\^ll\XT t , ME* ^>-^is]S& 

,t^'>y hl^^^, *fciWEJ£«tH]BJ: GlftE 

rM"i7rWt, ^ty v — Fmcnm,M'&ni 

tfjEir > ^ T >^ lc ^ . * # 5^^P*lc tt m.mt&HL £ 

^^$r^^3^^, y— K-r— ^tw^-rsmE-tr^^r 

[1^^315 1 WE* -Tr y y iS=* ROMCOJ: 

5 &«ft»^M*^<6ttE1»*^^»'&^*5^ % 'Ctt. ^ 
1 7iS4E«w*«(*^»«t*E«Kfi- 

40 [0 0 0 1 ] 
[0 0 0 2 ] 

[«t*oa«f] tt3(sw*i»»^»«ttE««B^ It 
j^:, ^^^4 - 1 3 9 6 9 7 aiC^-Tt <7) ^> 0 
co^SJ«c^»«ttE«JSBJ'i. Hi oco»rffi0Jc^-*- 
J:5(c PSlffii 0 oJb^7>r-^ KK<fciei 0 id* 
jfcritsiv :©7-f-^ KBftiktt 1 0 1 m\L\*. N-i-w: 

r^<5 0 y-^Wl0 2^Kl/-f>'Wl0 3(7)r^ 



3 

— hill IkXf^^ h a- f-l 1 U>3 fe£?FJV 
«tt^ --e y -tr/u l o /I £R<)\ 4*iPBSS I o 0 JbM 

1 O 4(c*t Lr^-^S#£^lc^J« LtfttEM* 
Iooo3] ifc, i<o^*«^*«ttRi«*S«oiHl» 

«fiStt, EB 1 1 fc»*ftii:*3 9 , «-f */ h$B L 1 ~ 
BLnH^^KiWLl, WL 1 - WL n 
^^f^tiO^ U i^M 1 1 ~M n n ft ri? 

r w s Atmj&zii* y -t^utt^y h^i 
ffi^mss 106 ic«*«s*ir^s 0 
[ooo4] htt£ft£(3H l o 6 J: 

9, ^F^^tt^ * y ir^ l 0 4 <D/< y $ y— h PIS 

tv- hftjEttiteisiss i o e^bM^n^titevB 
<d{&^ £ tt r it 0 

[0 0 0 5 ] 

[0006] s-r® i oini^i it, ±aufct2e*« 

^^5^^ y -fc/H^fl-O-tr/K -Tftb*>#|£»iR-fe:/K7V< 

0 0i»it5W4Cru>f7^ hffia^HI^L, 
[0 0 0 7 ] o^JC|R2C0|BI«A^o^TtftWfS. * 

[0 0 0 8] 1911 0. eMin^P-t^CO^^^^^. 
^P*|«J t pO*f&, mmZte**: y t/KWL^ tMLtV t 

h££or^6 0 0* 2owi8A, [fe^BIJ:, =J > h 
*f*^R^Ufc»W#^W**i&*Wtt^fcS. 119(7) 



(3) 4#ffti 2000-1 13690 

ivth liffi</£ot^6 0 H* co;< -Tr y -fe ;k Stigu 
^ h I:. ,t « ^HfcftA 1 wl'n* 7 p - h 

ti -t^coiftiMc J: 5^ -t y -tf/i^co ^teco^a^^^ J:^ 

n — ;uy- h'M^t^ KK>-y- *S8^*.* 
^^f^tii^l^CK or-, gg 5: Ji £*x 

Lir.<vN^r, # y y rjii«u>3i^/u4r — 5r^r-f , * 
[ooo9] ^cofl^^r*^ ^M^noyii ^>h 

p-/^/- h^jEco^ 9it6^*^> h^ft^(7)(i§|^ 
«:2&«^«t/tt*.bix, 7P-f^^/- h(c£;\£ 

ns«ar*3ft s *<, »#5&^»ttdSA< ft^- ft*5, * 
y t/>w7P-f-r ^>f'?— h ^jcswsa^yi 
^^4- r "i" ^/Kof^^^f^^inri/^j ^ 
^ l, 7P-f^^y-h^i^sw^ffcsw 
r "o" i/^;ucoT-^^i#^Jtiri^j it5o 

[ooio] ft^lgj9^, »£&^¥'J3£X* 
o<a*^orfcti\ ^-6iKsr^^nrt^75^ 

ifctii^f^or^ y -t? /He A> h t.ifi^D"*" 
^ 0 ffl 9 w»*i&3iJMffiSW«ffi«: 5 V^b 6 

v{c^< ufca^i^is-rsi, h^ o# i o o 

/i s i^^P^FMAIC^ I? , 2 5 6 K/<-T h£7)^-t 

yjC*5l^Ttt, 25. 6 s<7)t*^wrfl<7)ii^i-4 

^ftfEftSEt&ia ft ^ J: ^ r K 5 ^ r i *> 5 . 
[ooi 1 ] H9C**ii54*9 . ±X(n* * y -fr 



K < i&^B»|Bl«j««jc ft 5 »-S i&^Mfi 

< L^*^a?^**ii^P#patts< ft&. -rftfefe, & 

i-ntf, »*a*«3t»i»«ffi*"c»*.h« f aB»iii*:* 
«r#*fcttKbftir\ 4TO>-t!it;k 
o s/ hw»#a^wtt*rrau.«M*jc*6*.awtt** k 

[0012] p< t y t;i/rt07u ^ is if if - h M2? 

ff £*ifc*^ y rte, 7^-** h u*ft*ric 

J; DAfefctJLT^< fctf>, **y ir/u<7>L£WffirJtfc*ic 

-f is it if — hw«ffi^»#i&*tt**iii«tt^9jaL"r 
«*m***se&Kft»#ii^iHi^#Lr*»«cRs+6 

to 0 1 3] *38«<ogwrau »#a*tt*»«*»f* 

«r«*^ff UK% il^rco^ y -fcyu, Kign y h . 
[0014] 

Eis&Ktt. iB«rt»t«*»ic»#**.»riBft5Ffli* 

^*H8ttE«K«fc*5W^r, "l" i/^K^f-^^f 

Ic £ ME * * y -tr ^ ic^-T 6 * £ &*tt/3£ * JW»+ 6 
[0 0 15] Ht, SfflErrV hn-y^^ httEfttelOI 

*fiKi-«ls«iEi»^, WEttttiatt^baiAiixa^-" 
mE*«cw##i&^fl;ffiwi^rix3&»«r, «sfi**-r* 



(<L) WIW 2 0 0 0 - 1 13690 

e 

KSfe^Lr^ ; e y v h o — ;uy— h 

zmtRmmt , mEMj£Ga»ia. 

— y/KOJBMtt, MMtti.E&tfv h»S:frLr> 
Ku^v«^-y-^«l-T-IB«>«««t*:^i/ h*R 

55 SEE & 7* v> * A> S":* L 7^ — -9 & *k f& 1 ' Z> A / D = >• /< 
70 fc . MEv*— * Sr7yf*L, ME^ >- h a 

85 fc, ^EK^ffiUfS^AW-* — ^w^Pflli, fitfE^ 
[0016] ifc, |fflE=> h yi^— h*ffi«*6EI 

E«i«f8*3&w*--^^«>J«iai»*, >*y-eyKo KU'-f 

vtt^-y— ^«^IH|w«j«Sr?iF**-T-ic*«'rsW l 

Wtt, try mt^it^-tiit^K^ 

^7^^***4 y^m&t, SUES 
-T^m 2 co^^ y^-EIKi:, MEK*aLft*AW*- 
IB<0«»*r try h««r^UrK*aA/^ y- Kr-:? 
[0017] fflBay hn-;uy- h ttjgfft&lsl 

Sir. (HIB7- Kftt^LT^ y ir/uco^ ^ h o — 
tvif— h ^USyji-<5® 3 co^^f y^^^tal^^^bric 
9, ME*U«BKi*, gtWiU^^i^r/y 
^T-^tt^ryy^^Ai^s y - Y*r—9<n 
SR*«rff^, *J^*S*«rfitJEA i>>^(aIS8, is^t/^g 

»J:MOh(l$rR^, i fciHrEitlRtsIB «fc "9 ffj 

EWje»**rtK*i&^"e, mE y - kt^-^ ^we^ y 



(5) 

y 

^Mia-ferv^r **i&^«?(cw«tjRiB;EE*- 
6 Ki/^rviKEflMftllllBJ:, 9-K», *3J:t/» 

[0018] fifltEp* =e y */^77 y i^a, ROM 

[0019] im«B«ttigB**#y-y-*f Ktttt-c* 

[0 0 2 0] 

[0 0 2 1 ] h o-;uy- h^JE^HlSS 1 tt, A 
=e y -fer/u 3 <7>«f*ttJ L*S*U:S-3 < ^j^tsiSg 2 <n*r — V 

5o *£&^{f #WE tt»«*K»J: r> =» V h o-;W/" 

EttJSK^ffiJ: D-;uy- HHiffiflW&lllB 1 , 

W«laIK2(c:W«*ix, t 5 -* D L ttMseialB 2 T-£/# 
Jix^y h /uy- h*3E0W&taIK 1 . f-U S£ El B8 2 K 

I*, y ^ y -t/U3 £«5£li]Efe2 £ 
[0 0 2 2] ^^ho-/uy-h*ffitfcJ&HIBll*H2 

R#ffittE V P.H t»R»#)Lt«»W»S iA^miiW 

m,&VV&. R^fcijUfB-g-RE AD^*- ^/U^Jttffl 

[ 0 0 2 3] »iR 018 6 13:, B3 0>imKgH-^i'^*5 
D, MOS hfy^J? 13 — 2 4 T^/St^nS.*^ 

^^ym&x-h*) . t^^tEwvi-wvs, 

i^^^J^S^miE v v *3 J; tfttftttJE v D D ^ AJjm.fi 
it, R^WUttREAD, ¥«5£fB#VE, -r-^D 50 



Wlffl 2000-1 1 3690 

[0 0 2 4 |^JM2I1 ft^fB§WEiW^- 
^/K^JWPfltt, aSSfliVDDi: t'^SBI^jUT 

-fy^ESgl 2t, WSiT«»V -//UWJMM 

fl-MJ: «3^-*&'ii/Srs A/D^>v<— * 8 <!;, 
i'tf^L, h n-yuy- hm/J£**&lslS& 1 , *3 

ffifREADiW^-^oWfflli, ^-ey ir/U3 0 F 

*i&A»T\ y — ^^rtib^Ji'S -fervor v^l 0 

[0025] cct% SitEVP piiSS«^«J: t?*£E 

£ ^^i o , a«®a&6tc{ft*e$ft. 

j^«*wei*SS«^«J: U»KEI»6. h7^^^ 

-f y^EOISS 1 2lC^^ixS 0 *»J*fS "^VEIi^g^^ 
J: 15 7 7 . A/D^^^ — ^8. ^i^-^;£E^ 

[hjss 2^***n»*iiaiafcwc»M^*«cajA*ix, 

51*R[hJS&6 <n\ti)jVXV — h v IWL ^r^r LT> * y -t/u 3 
coy- hC-^tcmjWS ^'t!;t^3(?)KKyffi 
■^Ji fc'y h«ftB L^r^T Lr h7V^^^Y y^-[3SS 1 
2, ttK-ttEX«(aIK9, -tr>^T v^l 0Jc*«8S 

[0026] m,mm.E.vDDnm&ftw± «9 3i«Esi5S6 
i: ^y^^^^f y^- isms 1 2 tc{jy&£n*>o ra@ 

EWV 1-WV stt/Cf^^^^S^tEv v«a 

^ti6^/£^r> A/Day/<-^8(a)]lTf-^D 

>^7>-^l Oliy— K:r — ^ R e a dDATA^gi 
■^W^tb*-rS. y-^^/£^^lH]S&l 1 J; ^Hff^^/£ 

t y -k^3 rtcoy-^^ic^-r-s. 
[0027] H 4 li a 2 cossscoffii^^^i^ o — 0*C- 



[0 0 2 8 ] V~74 3 -t?W6f8*V E Sr-T-f * 

»y;K:ir, «*5i^»fls4 0 iHtt-rs, 

iiR-rso «ttis»5-r«flEvp 

H bT^n»:*ti^«#ii^«£EWV 1 -~wv 

a*#j»Hii<7> r x j r*>6WMos hv^^^^i 5 a* 

iBWL&Tr it^^y t/u3W3 v ho-;^- Mcta 

y:/4 7) e 

[0 0 2 9] ftlc*^ ^^ p 4 8t s ^^!;iryU3C0^>'h 

h^i*s#7^^.«fl£. y— y.Mf*y—y^/:H 
o o // s asfttsyi-t 1 *?*. *x y^M s-ck^l*:— 

ESS 6 , iJil/MO S h7>^^ 1 2 I3y y i^3 
[0 0 3 0] mz-*?" y~f$ IX-miZin&V E**f* — 

e ijfMMisna. ^fio^jj^ft tvEAW^ 

T-^£ 3A^*iJ^S*mjE V V & ? — KiW L ictb^i' 

'J ir/U3<73 KuY>-y^^riw^^t> hiBL^r 
^LT««-a/S3E»llsII»9JcR^j&tP. 7o— 

yy- b<Dm t VLfrm%Tk*miz&mm t f££ v ^«mii, 

K W s- ^HHc««Etti«ixftv^, iftttixtfai* 

6. W:^fy7 P 5 6T'T-^DL^7r^03S7T'7 



te) mm 2000- 1 13690 

LO 

8ft 6 , ^J:l/MO S h v l 2 IJy * y t;u3l: 

[0 0 3 1 ] a-^u^- ^, t> L< I'iROMv — 
f-"J5£[H]&2 J; OffiASn/LT'— ^UL*|«*UlLr, y 
■tt y 1r>'U3<OL#W^^'if^^^^J^*m^;/£VV*T 
W*i&*n&*»*iJ»frfcfT3 (^rs/758) 0 ^ y -fc 
/u 3 W L* tMlM*** fc**Jfi££2»ttflEV v icfij^ IT 

WV4-WV1 £M&31tKLTt>< 0 fc*s#:g5lfifl2ffiT- 
[0 0 3 2 ] H5tt*«W^IB2^j8JK«ia«r^-iriHl» 

a U T IF ^ **|JS£S V V !Sfe i^-T S S^tS SS 5 

e^w^— y/uw^rfltt, ^^!;t/u3« Ki/^>fflf 

-y — ^ia-T-F*^*^*, §S^3 0icS^tSSl 
f^^>< ;y^[H]S£ 2 9 i: , m%&&it fWE*«-f*- ^/u 

.70 y -t?/u-3o k u-r vasmcidb^-r*) hf^^^-f y 

^CEhI^2 5 tctb^-f £fs 2(7^^^ 5/^-[slK3 1 R^ 

ssio^, p< ^ y -t/u 3 coy— y— ^ 
[0033] «*ffivppri»B*«BJ;o*ffiia»4^ 
. y^^^^f 2 8 , l o iclftjte* 

7 ^i/*? 7s 4 y*?-m&\ 2 , h7 is is * 2 *4 y^EsI 

i^^^y,^ y^@»2 7 , yf-|5l»3 l tc*jfe$ix 
5 f -^DLWWSElB2-C*fi)£*ixTsr«ttttlslB2 

ir/u3coy- h^tt r y- K«WL^r^Lt h7^^ 
^^^^088 2 6, 2 7, 2 8 «rc^h, y^yir 



• \- 0 

u 

>-y i n, s>7-is!K3 l , b 9>i/*<y y>j-\°\ 

I O 0 3 4 J frff{Hl88 4T-^jt$tt^^S£SJEVPHrj[ 

d DAT Airm&ftmzttifi'fZ. ^^yt^3Wh> 

[0 0 3 5] ig 6 li@ 5CO[ma&<D«i^>S:7j^-J-7 g|T 

T-N^ff ^VE&vV ^x^yul: Ld<n*ij3£ff E 
tt$S«^«SJ: 0#JW*4x«. W;^f^4 2t*yt^ 

hdt r s r&m&ftnx t? a^£*i, ^j^i°]s§2f^co 

4 2«U;7^DL^f ^^4 5 T-^TffiffiStEI 
KB 2 5 icR^&fr. ^fyy4 5t'K^fd7'-^D 

VPH$rfELt^7 ^^6 0T*S^^^tEWV$r4 

y -t^3co^^ ha-/uy- h(cii^#^^m/±wv, 

/£, Ku-fy(:litMEVDD«o^ix, 
#*fTS*i*. ##5i^w*tf»#ratt, y y-t?^3f*i 

[0036] X? y74 8f^Lfc-^0f^^ 

^ 2 6 1^ ^ 'J 3 l:^lTtE^j»T 1F£ 
i^^W4 0|j:^Tt5 (77^50) o Si:^7^ 

/Kc^o^O^rgjj-T , ^7^52T'MOSh7>v 



(V) 2UUU- 1 1 3 6 9 U 

12 

l L J: 9*»u^u^1ttrES:*3L, ^-fyf@»3 it 
RH/efe Lt, *r j/'/y o *ey y -t/u 3 ^ k u^r y 

^*r^« ^J^VEt7>f^^--/;McL, MOS h 

7 12, *?.t r/2 7 tiy =e y -fevu 3 ic#t irt 

[ 0 0 3 7 ] ^J^[°j!^2i:i9aj^^n7c-A-^DL^^ 

^>tt}LT, y ^ y "tr/U 3 0L^^im^^I?p 
*iEEvv*t a *#^3:tL7t)&»*iJWr«:ff 5 (^7^5 

8) . y -e y -fe^3^L^^fi^^#^^*jj^:smmi3E 

r/M 5t »fE 4 1 frtkPiKi-tf. ^ 7^/4 6(nf^^7^ 
m£tOiMJR<7)i/j^:(C^J^T, XT yZ?6 0 t 5 cov^ — & D 

[ o o 3 8 ] ^^m^w^o^mmmvx, f nmw 

[ 0 0 3 9] H 7 li^^B^Om 3 (OlMffit/7t-/0 
ry^igr-^So #«tttt, JB 1 , 2 0*«S«ttW»*^ 

P^ELT#EfEVPH^4^-tS#E§!^4 

#ff«EVPHS:ftfii»«i|tra»of#5i^Sffi 
WV, *J:Vtt*o»#5i^*JSS!B«i3:VV«:^rt-*- 

^Sm^ffiV VCO*35^3M{Ri'5m2(7)^-f ^^^^tHJ 
^ 833i, f^iA^tEWV, *3 J;t/I#^^S?l 

^vv^^ji9^x.r, 7-KiwLt^Lr^^yt 

/u 3 C7) > h /uy— b \Z.M jj-f %%Z<?^X A yT^ 
Ac^S^^r^T-^Ve r i f yDATAH'V 

^7y^>bA^^n5 y - K^~*<7:>oa^£m\ *j 

3£e*«r9 ^^(HlSg3 7, ^!>y^§^34, 4sJ;t/« 
e^as^tli^-*-5tfc«la]K3 6 i: . ^^>^®8S3 4J: 
t)^i>^ h«t4:tt*a*, *fcJt«laI»3 6 J: 9«eiB 
a«rK*i&A/T-, !i-K7-^i:^y77^7 r ^^- 



13 

t°l& 3 7 £ , ^-tH - KP«Utt*»a/ ; I:* . 
^38(^4^.. *#iA*M«c«:lB««£f-:*: try h^i-^ 

y -fer/u 3 wy-7lE$:Wi y — * *E tfelft El K 1 

[o o 4 o ] mm&v P Pte^Sfl-lfflJ: B#/.El5j&4 

K*fflL«*READttJfi«*WJ:!0*>f 
j/f V^tUSS 3 5 , ir >;*T >*:/ 3 8 , Kl"f>«ffitft 

«^tl6c ^J£ff #-VEtt£H#ffl,fc 9 KL-^f^E 
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